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1. 

I.  INTRODUCTION. 

It  is  well  known  that  an  electric  field  exists  around  a  ch- r  rd 
body  placed  in  a  dielectric  and  it  is  known  that  the  strength  of 
the  field  and  its  distribution  depends  upon  the  charge  and  shape 
of  the  charged  body.     It  is  believed  that  if  no  ion:.:  are  present, 
the  field  night  be  uniform  between  the  coatings  of    a  condenser 
consisting  of  two  parallel  plates  and  that  its  intensity  varies  in- 
versely as  the  square  of  the  radius  when  the  charge  is  given  to  a 
•phere  isolated  in  space.     It  is  suspected  that  the  dielectric  is 
only  able  to  sustain  a  certain  intensity  of  electric  field;  so  that 
when  the  field  becomes  too  dense,  that  is  when  the  potential  grad- 
ient is  too  great,  the  dielectric  breaks  down.     Based  upon  a  number 
of  experiments  at  which  however  direct  current  at  rather  low  voltage 
was  used  it  was  concluded  by  scientists  years  ago  that  the  maximum 
gradient  that  air  could  sustain  was  30,000  volts  per  cm. 

It  is  the  principal  purpose  Of  this  thesis  to  determine  the 
maximum  value  of  the  potential  gradient  of  air  by  means  of  alternat- 
ing currents  at  high  voltages.     The  major  work  was  done  by  subject- 
ing two  equal  spheres  separated  by  various  distances  to  high  potent- 
ial differences.    A  small  amount  of  work  -  largely  for  chec  ing 
purposes  -  was  done  with  needles  instead  of  spheres.     The  point  of 
breakdown  was  assumed  to  correspond  to  that  particular  voltage  at 
which  corona  first  appeared. 


Figure  i 

A  200,000  VOLT  TRANSFORMER 

Courtesy  The  General  Electric  Co. 
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Figure  2 


II.     DESCRIPTION  OF  APPARATUS. 

The  high  voltages  used  were  obtained  from  a  special  testing 
transformer  (Fig.  1.)  manufactured  by  the  General  Electric  Company 
which  was  of  the  following  rating. 

Capacity:-  ICO  K.W.  at  60  cycles. 

Voltage  Ratio:-  500-1000-2000  to  200,000. 

Current  Ratio:-  50-0.5. 

Ratio  of  windings  as  used:-  400  to  1. 

For  all  tests  the  neutral  of  the  transformer  was  grounded. 

As  shown  in  Fig.  4  two  switchboards  were  provided.     The  one 
to  the  right,  near  the  transformer,   contains  the  low  tension  coil 
grouping  switches  and  high  tension  instrument  taps  which  are  shown 
in  the  left  of  Fig.  3. 

On  the  switchboard  to  the  left  in  Pig.  4  are  mounted  the  control 
switches  and  meters.     All  meters  in  the  transformer  circuits  are  in 
drawers  which  are  covered  with  plate  glass.     These  drawers  are  so 
constructed  that  all  connections  are  broken  when  drawers  are  opened. 
The  circuits  on  this  board  are  shown  on  right  of  Fig.  3. 

To  limit  the  flow  of  current  between  the  spark  gap  terminals 
on  breakdown  of  the  gap,  non-inductive  resistance  was  inserted.  As 
it  was  desired  to  limit  the  current  to  one  tenth  amperes  at  ,'~;00,000 
volts  pressure  2,000,000  ohms  of  resistance  were  needed.  Carborun- 
dum rods  were  experimented  with  but  these  gave  varying  resistances 
and  had  a  negative  resistance  coefficient;  therefore  two  glass  tubes, 
filled  with  distilled  water  to  which  dilute  sulphuric  acid  was  added, 
were  used  and  they  could  easily  be  adjusted  to  1,000,000  ohms  per 
tube . 

To  prevent  travelling  waves  in  the  transformer  windings,  two 
choke  coils  of  40  turns  of  #14  wire  each,  wound  on  spools  of  dimens- 


ion."  8inches  by  16  inches,  were  pieced  in  series  with  the  fen. 

The  spark  gap  apparatus  (Eig.  5.)  was  suspended  from  to  heavy 
copper  rods  held  by  strings  of  four  suspension  insulat  re  end  con- 
sisted of  two  vertical  wooden  strips  clamped  to  two  horizontal  lane 


rods.    Midway  between  the  glass  rods  on  the  weed  en  strips  were  two 
brass  beatings  which  were  connected  to  the  transformer.     In  these 
bearings  rested  brass  rods  which  had  their  ends  threaded;  so  that 
the  spheres  could  be  attached.     By  eliding  the  rods  in  or  out  the 
various  gap  lengths  could  be  obtained  and  measured  by  means  of 
calipers . 

Three  different  electric  generators  were  used;  so  that  the  ef- 
fect of  the  wave  shape  night  be  studied.  The  wave  shapes  are  given 
in  Pig.  6. 

The  rating  of  above  mentioned  mj  chines  are  as  follows: 

45  K.W.  \ .'ES TI NGHOU SE  SET:-  45  2  phase,  440  volt  gen- 

erator belted  to  45  K.Y/.   220  volt  D.G.  motor. 
85  E.W.  V/ESTIIIGHOUSE  SET:-  Direct  connected  2  phase  440  volt 
generator  and  220  volt  D.C.  motor. 

"     SMOOTH  GORE  MACHIJJ1 :- Thomson  Houston  Electric  Co.,  1100  volts 


III.     GENERAL  THEORY. 

The  potential  gradient  may  be  defined  as  the  rate  of  change 

of  voltage  with  the  distance,  or  if 

f,  represents  the  potential  gradient 

V,  the  electromotive  force  or  effective  e.m.f. 

x,  the  distance  between  any  two  terminals. 

Then  f  =  -  dV 
dx 

To  derive  a  formula  for  the  maxaimira  potential  gradient  of  air 
between  any  two  spheres  at  any  distance  the  theory  of  electrostatici 
will  be  used.     To  be  accurate  the  system  of  successive  images  as 
given  in  Maxwell  should  be  used  but  this  would  result  in  a  formula 
too  complicated  to  be  of  practical  use;  so  the  approximate  method 
given  below  is  used  and  will  answer  for  all  practical  purposes. 

Let  A  and  B  in  Inig.  A  represent  two  equal  spheres  at  any  dis- 
tance charged  respectively  with  a  charge  *■  Q  and  -Q.    Assume  charges 
to  be  point  charges  at  0  and  0'  respectively. 


f/GUXE  A. 

The  flux  &  =  4  fr  C 

Since        $  =  4/>^q    where  q  -  capacity  charges. 

Let  K  be  the  electric  field  intensity. 

Then         B  -  -    4jrQ    -  - 

area         4/rr4  r* 

At  any  distance  x  from  a  charge  Q 

R  =  Q 
x2 


In  the  followinr  theory,  primed  lottery  refer  to  snhere  A 
and  double  primed  ones  to  B. 


9. 


Then 


R'  =       where  RT  is  due  to  charge  on  A,  end  x  is 


V 


distance  shown  in  Fig.  A. 
-  -/ii'dx    for  air 


=  -/Q  dx  =  c 


x 


dx     •  x* 

Similarily    R"  =  -    Q  .  -  f" 


And 


f  =  f 1  +  f"  (numerically) 
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Therefore      Q  = 


(d^FI 

V 


1 


D-r 


Substituting  value  of  0  in  eouation  for  f 


f  = 


V 


1 
D-r 


1  +     1  2 


f  is  maximum  at  the  surface  of  the  spheres  when  the  corona  ball 
is  ox  the  same  diameter  as  the  spheres  themselves  or  x  -  r 
Therefore  f 


1  (D-r)2  -  t2 

2  r(2r-D) (D-r) 


But 

Therefore 


2r-D  =  -X 

f  =  -  T 

2X 


2  S 

(D-r)  -  r 


r (D-r ) 

Since  X  in  this  formula  is  the  distance  between  the  fictions 
corona  balls  it  becomes  necessary  to  find  their  diameters.  Just 
before  corona  appears  it  is  evident  that  the  eerona  ball  and  sphere 


must  be  of  the  sane  diameter  since  immediately  after  corona  is  10 
visible  the  corona  ball  is  the  larger;  therefore  one  is  now  con- 
fronted with  the  proposition  of  finding  the  length  of  gap  at  wl  ich 
corona  first  appears. 

As  this  distance  is  very  difficult  to  observe,  especially  if 
it  is  not  known  within  two  or  three  centimeters,  a  graphical  method 
of  "indinp  it  is  developed  below. 

Up  to  a  certain  length  of  gap  between  the  spheres  only  break- 
down occurs.    After  this  point  (which  will  be  called  the  critic:  1 
point)  is  reached  corona  will  first  appear  and  then  if  the  voltage 
is  increased  breakdown  will  occur  at  a.  higher  value,  depending 
upon  the  length  of  gap. 

It  was  found  experimentally  that  the  corona  voltage  followed 
a  smooth  curve  which  was  somewhat  similar  to  a  parabola  while  the 
breakdown  voltage  varied  in  a  straight  line  for  several  thousand 
volts  after  the  critical  point  had  been  passed.     If  the  breakdown 
line  (the  straight  line)  is  produced  to  intersect  the  corona  line, 
the  point  of  intersection  will  give  the  distance  and  voltage  at 
which  corona,  first  appears,  and  this  distance  and  voltage  is  the 
one  used  in  calculating  the  maximum  potential  gradient. 

Geo.  3.  Dean  of  the  University  of  Missouri  har:  deduced  a  for- 
mula for  the    otential  gradient,  rising  point  charges.    By  means 
of  trigonometry  he  has  expressed  the  gradient  as 


The  maximum  difference  between  the  values  of  the  gradient  computed 


where  X  is  length  of  spark  gap, 


and  f  is  radius  of  curvature, 


V  is  effective  potential  difference. 


by  this  f omnia  and  those  computed  by  Russell's  is  about  one-h°lf 

of  one  percent  and  occurs  in  the  neighborhood  of  I    -  1.5,  X  being- 

a 

spark  gap  and  a  the  radius. 

Table  #10  shows  the  potential  gradients  as  calculated  by  the 
three  different  methods  and  the  percent  difference  between  them. 


IV.  DATA  AND  DISCUSSION  OF  HESULTS. 
Article  1. 
Needle  Caps, 

All  the  results  tabulated  are  the  average  of  two  or  more  read- 
ings for  each  length  of  gap  fx)  during  a  test. 

Along  with  the  study  of  potential  grpdient  and  corona  the 
needle  gap  was  investigated.     Sharp's  No.  1.  needles  were  used 
throughout  the  tests.     In  Plate  I.  the  points  obtained  by  using 
the  45  K.W,  set  were  plotted  along  with  Peek' s  and  the  A.I.E.E. 
curves.     Peek  has  straight  lines  which  intersect  at  35,000  volts 
and  5  cm.  distance,  the  A.I.E.E.  gives  a  curved  line  starting  at 
zero,  while  the  data  obtained  in  the  tests,  using  the  45  K.~.  .   set, , 
gives  a  line  with  a  reverse  curve  in  it.     Thinking  that  perhaps 
the  wave  shape  of  this  set  was  such  that  resonance  was  obtained 
which  would  affect  the  results,  two  other  machines,  an  85  K.W.  set 
and  a  smooth  core  generator,  were  also  used  and,  data  obtained. 
This  data  is  given  in  table  §1  and  plotted  in  Plate  II. 

The  wave  shapes  of  e^ch  of  the  machines  can  be  seen  by  referr- 
ing to  Pig.  6.  which  gives  the  oscilliograms  taken  from  each. 

Referring  to  :^late  III.  it  will  be  seen  that  the  smooth  core 
machine  which  has  practically  a  sine  wave,   -ives  s  curve  that' 
comes  nearer  coinciding  to  that  of  the  A.I.E.E.  but  even  at  the 
best  does  not  follow  it  closely.     The  85  K.W.  &  45  K.W.   sets  have 
nearly  the  same  wrve  shape  as  can  be  seen  by  refprring  to  Pig.  6. 
and  the  curves  for  the  needle  gaps  rre  practically  the  same,  the 
ordinates  of  the  85  K.W.   one  feeing  a  trifle  higher. 

Dr.  C.  P.  Steinmetz  states  that  the  breakdown  of  the  air  is 
due  to  the  maximum  value  of  e.m.f.    Referring  again  to  Fig.  5.  it 


will  be  noted  that  even  though  all  the  effective  values  of  e.m.f. 
are  the  same,  the  maximum  value  o  the  smooth  core  machine  is  the 
smallest,  and  then  referring  to  Plate  2.  it  will  be  observed  that 
for  the  same  gap  a  higher  effective  e.m.f.  is  required  for  break- 
down with  the  smooth  core  machine  which  means  that  the  maximum 
had  to  be  increased  to  tha.   of  the  other  machines. 

In  table  #2  the  results  of  an  investigation  of  the  effect  of 
size  and  shape  of  terminals  on  the  breakdown  voltage  of  the  needle 
gap  are  tabulated.     It  was  found  that  placing  of  conducting  mater- 
ials such  as  balls  of  tinfoil  back  of  the  needle  points  made  no 
difference  in  the  breakdown  voltage  but  that  the  length  of  needle 
protruding  beyond  holder  increased  the  voltage  necessary  for  break- 
down. 


X 
cm. 


TABLE  #1. 
FOB  NEEDLE  POINTS. 
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TABLE  #2 

EFFECT  OF  TERMINALS  ON  NEEDLE  GAP. 


Temp.  £7  C  Relative  Humidity  56-53 

Breakdown  Notes. 
EV. 

58  3  cm.  of  needle  protruding. 
56  1  cm.     "      "  »' 

59  blast  of  air  on  3  cm.  of  needle. 
58  point  just  beyond  tinfoil  ball. 

165  3  cm.  needle  protruding. 

165  4  cm.       "  " 

164  l  cm.       n  » 

165  blast  of  air  on  3  cm. 
165  tin  foil  around  rod. 

170  point  just  beyond  tinfoil  ball. 

165  Z  ft.  disks  on  rods. 
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Article  2. 
l/4  Inch  Spheres. 
The  curves  showing  the  voltage  at  which  corona  and  breakdown 
for  various  lengths  of  gap  with  1/4  inch  spheres  are  plotted  in 
Plates  4*5 «     The  breakdown  curve  is  a  straight  line  from  the 
critical  point  to  98,000  volts  at  which  point  a  reverse  curve 
"begins.     The  data  for  these  curves  was  easily  obtained  as  the 
results  were  fairly  consistent.     This  straight  line  produced  in- 
tersects the  corona  line  at  the  critical  point  of  22,600  volts 
and  2.65  cm.     This  critical  point  was  checked  by  observing  the 

oint  at  which  corona  first  appeared  and  was  found  to  occur  when 
the  gap  was  2.65  cm.  in  length  and  at  Z2,600  volts. 

Plotting  this  critical  voint  on  Plate  XI  it  is  found  that  it 
practically  falls  upon  the  needle  gap  curve. 


21. 


TABLE  #3. 

FOR  1/4  INCH  SPHERES. 
Temp.  26  C  „.;el.  Humidity  -  50  % 
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TABLE  #4. 


SOB  1/4 
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Article  3. 

l/2  Inch  Spheres. 
The  critical  point  for  \/Z  Inch  s  heres  was  found  graphically 
on  Plate  6  to  he  at  ^9,500  volts  for  spcr1    gap  of  5.7  ora.     The  ob- 
served critical  point  was  at  40.000  volts  and  5.7  cm.  Plotting 
this  point  on  Plate  11,  it  falls  on  the  needle  pap  curve. 

Table  #6  gives  data  for  relative  humidity  of  56  £  and  40 
which  is  plotted  on  Plate  7.     The  humidity  did  not  affect  the  spark 
over  voltege  until  around  100,000  volts,  from  which  point  the  igher 
humidity  gave  a  higher  breakdown  voltage  as  cpn  be  seen  from  Plate  7. 

Mr.  Peek  states  th'  t  humidity  has  no  measurable  effect,  but 
this  data  would  tend  to  disa  prove  th- t  statement.  However,  the 
humidity  did  not  affect  the  voltage  at  which  corona  appeared. 

The  breakdown  curve  is  a  straight  line  up  to  ab,rt  62,000 
volts,  at  which  point  a  reverse  curve  starts  similar  to  that  in 
the  case  of  the  l/4  inch  spheres,  but  not  so  marked. 


TABLE  #5. 
FOR  l/2  INGE  SPHERES. 
Temp.  26  C.  Rel.  Humidity  -  50  ^ 


X 

orona  Average 

break- 

Average 

Appears  Value 

down 

Value 

crn. 

KT.  KV. 

KV. 

KV. 

2 

28.4 

28.4 

28.4 

3 

32.8 

32.9 

33.0 

4 

36.0 

35.75 

35.5 

5 

38.2 

38.1 

38.0 

6 

40.0 

40.0 

40.0 

7 

41.0 

41.2 

41.4 

8 

42.0 

42.15 

42.3 

9 

43.9 

43.2 

10 

44.0  44.2 

51.0 

51.0 

44.4 

51.0 

11 

44.5  45.0 

54.5 

54.75 

45.5 

55.0 

12 

45.0  45.5 

56.5 

56.25 

46.0 

56.0 

13 

46.2 

59.5 

59.5 

59.5 

14 

46.8 

63.0 

62.5 

62.0 

15 

47.0 

66.5 

66.25 

66.0 

16 

47.5  47.4 

68.0 

68.0 

47.3 

68.0 

17 

48.0 

72.0 

18 

48.5 

74.5 

19 

49.0 

76.5 

20 

50.0  49.75 

80.5 

80.75 

49.5 

81.0 

22 

51.0 

88.0 

24 

51.9 

92.5 

92.5 

92.5 

26 

52.5 

98.0 

98.0 

98.0 

TABLE  #6. 

FOE  l/2  INCH  SPHERES, 

Coron?        Average         Breakdown  Volt. 
Appears.     Value.  Kel.  Humidity. 

56  <fo  40  io 


?emp . 

20  C 

23 

cm. 

KV. 

V. 

KV. 

KV. 

A 
4 

35 . 0 

35.  0 

O 

6.6 

41 . 3 

ry 
I 

/it  n 

41 . 8 

0 

O 

42.8 

1  0 

4'dt  •  O 

i  /1 
xt 

A  CT  O 

45.8 

±D 

46 .  5 

47  . 0 

70.0 

/  U .  U 

20 

'IrU.O 

AO      C  C 

4o  .00 

81 . 5 

/ID  C 

81.0 

c4 

50.5 

50 .45 

93.0 

50.4 

93.  0 

95.0 

96.0 

a  p 

CO 

So  •  U 

53. 0 

99.0 

100.0 

DO  .  0 

99 . 5 

100.0 

oU 

105.0 

105.0 

54  .  0 

109 . 5 

107  .0 

^4  0 

Tin  n 

107  . 5 

36 

56 . 5 

<J  u  .  <u 

56.3 

121 . 5 

119.5 

40 

56.5 

56.5 

134.0 

128.0 

56.5 

134 . 5 

127.5 

44 

57.2 

57.15 

145.0 

140.0 

57.1 

145.5 

140.0 

48 

58.0 

58.0 

151.0 

151.0 

52 

163.0 

163.0 

28 


Average  Value. 
Rel.  Humidity. 

56  fo  40  % 

Temp. 

.0  C  23  0 

KV.  KV. 

28.0 
35.0 

40.5 
41.3 

43. 5\  polished  and 

45.0 J  fan  us ed. 

52.0    not  noli  shed. 

65.1 

67.2 

70.0 

81,25 

93.0  93.0 
96.0 

99.25  100.0 

105.0 
109.75  107.25 
121.75  119.55 
134.25       127. 7 F 
145.25  140.0 
158.0  151.0 

163.0 
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Article  4. 
3/4  Inch  Spheres. 

All  the  results  for  the  3/4  inch  tpheres  were  rational  and 
followed  regular  curves  as  c?n  he  seen  from  Plate  8.     The  critical 
point  occnred  at  9.3  cm.  and  55,000  volts  whioh  when  plotted  on 
Plate  11.  fell  on  the  needle  gap  curve.  The  observed  critical 
point  was  at  9.2  cm.  and  55,400  volts. 

In  the  case  of  these  spheres  when  the  critical  point  is 
reached,  the  breakdown  line  is  not  continuous  from  zero  on  up,  but 
breaks  off  at  the  critical  point,  starting  again  4,000  volts  higher 
as  is  shown  and  follows  a  gentle  curve  until  it  becomes  tangent  to 
the  straight  line  which  when  produced  gives  the  critical  point. 

The  reverse  curve  is  present  again  in  this  case  and  stprts  at 
about  102,000  volts.     The  humidity  varied  only  from  one  to  two 
percent  during  the  tests  on  these  spheres. 


•  1. 

TABLE  #7. 

FOB  3/4  INCH  SPHERES. 

Temp.  22 

C. 

Relative  Humidity  -  48  fo 

X 

Corona 

Average 

Brerk-  Averofre 

Notes 

Anpears . 

Value . 

down.  Value. 

ft  in 

EV. 

KV. 

XV.  "rV. 

p 

32.0 

4 

43.2 

6 

49.0 

8 

53.0 

9 

54.0 

9.2 

55.4 

9.25 

55.5 

56.6 

9.3 

55 .6 

57.6 

9.5 

55.9 

58.0 

10 

56.2 

11 

56.5 

12 

57.2 

57.2 

65.0  54.5 

57.2 

64.0 

57.0  ~\ 

polished, f   fan  used 

57.0  J 

but  no  corona. 

IE.  5 

57  .5 

57.5 

64.0  64.9 

57 . 5 

65  .8 

13 

58.0 

58.0 

67.5  67.0 

not  polished. 

58.0 

66.5 

flashed  before  cor. 

67  .0 

14 

59.0 

59.0 

68.7  68.65 

No  flash 

59.0 

68.6 

16 

60.0 

50.0 

72.5  72.5 

60.0 

72.5 

18 

61. E 

61.2 

77.0  77.0 

61.2 

77.0 

E0 

62.0 

62.0 

83.0  85.0 

62.0 

83.0 

24 

64.5 

64.5 

94.5  94.5 

64 . 5 

94.5 

28 

66.2 

66.25 

105.0  105.0 

66  .3 

105.0 

108.5 

with  fan 

30 

68.0 

68.0 

108.0  108.0 

68.0 

108.0 

32 

68.9 

68.9 

110.0  110.0 

58.9 

110.0 

36 

71.0 

71.0 

121.0  121.25 

71.0 

121.5 

40 

75.0 

130.0  130.0 

A  A 

44 

77.5 

141.0  141.5 

142.0 

48 

78.0 

154.0  154.6 

156.0 

- 

154.0 
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Article  5. 
1  Inch  Sphtrtt. 

The  theoretical  critical  point  of  the  one  inch  spheres  occurs 
at  14.4  cm.  at  71,000  volts  which  when  plotted  on  Piatt  11  falls 
a  little  below  the  needle  gap  curve.     The  observed  value  of  this 
^oint  was  found  to  be  14.4  cm.  at  71,450  volts. 

The  breakdown  line  breaks  off  again  at  the  critical  point  end 
starts  6,000  volts  higher,  following  the  same  general  sha^e  as  in 
the  case  of  the  3/4  inch  sphtres  with  the  exception  thet  the  reverse 
curve  is  not  precent  in  this  case  but  at  130,000  volts  the  break- 
down line  begins  to  curve  gently  upward. 


TABLE  #8. 


34. 


FOR  1 

Temp. 26  C 

X       Corona  Averse 
Appears.  Value, 
cn.  KV.  XV. 

2 
4 

6 

8 
10 
12 


14.5 

71.5 

14.7 

71.5 

71.55 

71.6 

16 

71.6 

71.6 

71.5 

20 

74.5 

74.5 

74.5 

24 

77.0 

77.0 

77.0 

26 

77.5 

77.5 

77.5 

28 

80.5 

80.5 

80.5 

30 

81.5 

81.5 

81.6 

54 

82.0 

82.0 

82.0 

38 

83.0 

83.0 

83.0 

42 

84.0 

84.0 

84.0 

44 

84.2 

84.2 

84.2 

INCH  SPHERES. 

Relative  Humidity  -  56  fo 
^reak-       Average  Notes 


down . 

Val  ii  p 

• 

KV. 

I  V. 

XI.  v  • 

34.0 

°S4  0 

48.5 

48  -  7  *5 

49.0 

55.7 

55  - 7 

61.5 

61.25 

61.0 

64.0 

64.0 

64.0 

66.5 

67.0 

67.5 

77.8 

78.0 

77.9 

77.8 

79.5 

79.5 

79.5 

86.0 

86.0 

DOlished 

85.0 

ii  n "h  rinl  t  c<Vi^ri 

95.0 

95.0 

id  oli  shed 

95.0 

not  r>n"l  "i  ^Vi^rl 

100.0 

101.0 

TDOlished 

102.0 

i-LV  L»              _L  X  Oil  *-L 

108 . 5 

108  2R 

JUVJ_LXojit;U. 

108 . 0 

j.iu  o  pun.  neu. 

112.0 

1  T  0  ^ 

jJ  U  X  J.  o  _I c  u. 

110.0 

no  o  fju±ibnccL 

109  0 

»t  II 

121.0 

121.25 

polished 

121.5 

not  polished 

132.0 

132.0 

polished 

132.0 

not  polished 

146.0 

145.3 

145.0 

145.0 

151.0 

150.5 

150.0 
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rticlo  ,f6. 
2  Inch  S  heres. 

The  greatest  difficulty  was  met  when  experimenting  with  the 
two  inch  spheres.     Consistent  results  were  obtained  until  the 
neighborhood  of    he  critical  point  was  reached.     Jor  spark  paps 
of  18  to  38  cm.  corona  would  appear  at  one  time  ana.  the  next  the  air 
would  break  down,  sometimes  at  a  lower  voltage  than  that  at  which 
corona  appeared.     The  spheres  were  polished,  the  fan  used  between 
trials,  the  voltage  applied  both  slowly  and  quickly,  but  of  no 
avail.     However  on  applying  voltage  quickly  corona  was  obtained 
more  often  than  otherwise.     After  the  28  cn.  gap  had  been  reached 
no  further  trouble  was  experienced  with  the  corona,  but  the  break- 
down voltage  varied  considerable  throughout  the  tests. 

The  discontinuity  in  the  breakdown  line  occurs  again  at  the 
critical  point,  the  rise  being  7, GOO  volts.     The  reverse  curve  shows 
Tip  slightly,  starting  at  about  164,000  volts,  but  is  not  very  marked 

The  theoretical  and  observed  critical  points  check  very  well 
both  occuring  at  20  cm.  and  with  voltages  of  116,200  an  116,200 
respectively.    Plotting  this  point  on  Plate  11, it  falls  about 
50,000  volts  above  the  needle  gap  voltage  for  20  cm.     This  is 
rather  peculiar  since  in  the  care  o"   all  the  other  spheres  the 
critical  points  coincided  with  the  needle  gap  curve.     The  reason 
for  this  discrepancy  is  not  known. 


TABLE  #9. 


37. 


FOR  2  INCH  SPHERES. 


Temp.  25  C. 

X       Corona  Average 
Appears.  Value, 
cm.  KV.  KV. 

2 

4 

6 

8 
10 
12 
14 
16 
18 

20  116.5 

115.5 
22  119.0 

118.5 
24  120.0 

121.0 
28  124.0 

123.0 
32  127.0 

127.0 
36  130.0 

130.5 
40  131.0 

131.0 
44  135.0 

135.0 


48  137.5 

50  14-3.5 

54        145.5  145.5 
145 . 5 

56        147.0  147.0 


147.0 


Relative  Humidity  -  49 
:3reak-        Average  llotes 


down. 

Value 

KV. 

KV. 

36  .6 

36.6 

36 . 6 

oO.O 

60.0 

60 . 0 

75.0 

75.0 

75.0 

85.9 

85.95 

86.0 

93.2 

93.35 

93.5 

99.2 

99.85 

100.5 

105.8 

105.8 

105.8 

110.0 

110.0 

110.0 

113.5 

113.5 

171.0 
172.0 

181.0  178.0 
175.0 

183.0  183.0 
183.0 

193.0  193.0 
193.0 

198.0  199.0 
200.0 


113.5 

116.5 

125.2 

122.6 

122.0 

118.75 

124.0 

125.25 

126.5 

120.5 

128.0 

128,0 

128.0 

125.5 

133.0 

132.75 

132.5 

127.0' 

145.0 

130.25 

157.0 

157.0 

157.0 

131.0 

165.0 

165.0 

165.0 

155.0 

174.0 

172.  3 

polished 


polished 
not  noli shod 
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Article  7. 

Potential  Gradient, 
gradi  ents 

In  table  #10  the  potential^ for  the  critical  point  of  each 
sphere  ore  tabulated  haying  been  ealeulated  by  usr   of  the  formula 
developed  in  the  theory  and  also  by  Pean's  and  Russell's  formulae. 
The  maximum  percent  of  difference  between  these  values  la  1.2 
and  occurs  in  the  case  of  the  l/4  inch  spheres.    A  curve  showin 
the  relation  of  the  maximum  potential  gradient  to  the  diameter  of 
the  spheres  Is  ^iven  in  Plate  12.    This  curve  shows  that  the  pot- 
ential gradient  i    not  a  constant  but  varies  with  the  size  of 
sphe  e;  the  smaller  the  sphere  the  higher  the  potential  Gradient. 

leek  gives  a  curve  that  has  a  similar  shape  but  the  ordinates 
are  lower.       Take  for  example  a  sphere,  4  cm.  in  diameter;  Peek's 
curve  gives  about  25,200  volts  per  cm.  for  the  gradient  while 
the  experimental  curve  gives  27, poo  volts  per  cm. 


TABLE  #10. 


Piam.  of 
Sphere, 
n.  cm. 


POTENTIAL  CtP.AP.IEFT 3 . 
in  volts/cm. 

Pean' s 
f.  f. 
Obser.     Theor.  0b' er.  Theor. 


Russell 1 s 
f . 

Ob£*er.  Theor 


'  Piff 
0b.  Th, 


2 
1 

_3 

| 

1 


5.08  26,100  25,120  26,400  26.420 

2.54  30,700  30,600  30,950  3t,800 

1.906  32,350  32,000  32,600  3.2,150 

1.27  35,300  35,000  35,550  35,000 

0.63  40,2  0  40,300  40,700  40,600 


26,400  26,420 
30,950  30,800 
32,500  32,150 
55,650  35 , 000 
40,700  40,600 


1.14  1.13 
0.81  0.65 
0.77  0.47 
0.98  0.00 
1.22  0.74 
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Article  8.  4»# 
The  Effect  Of  Fortign  Materials  In  Air  Gap. 
To  study  the  effect  of  materials  of  vari  us  specific  inductive 
capacity  upon  the  corona  and  striking  voltage,  a  grounded  brass 
plate  was  suspended  between  the  terminals.     The  curve  for  this  is 
compared  to  that  of  the  pla ' n  gap  in  Plate  13,  using  one  inch  balls 
in  both  cases. 

The  str'   ing  voltage  with  the  brass  plate  in  gap  is  a  trifle 
higher  than  that  of  the  plain  air  gap  up  to  the  critical  point  at 
which  point  it  jumps  from  77,500  to  115,500  volts  and  then  follows 
the  curve  shown.  The  corona  line  is  higher  than  in  the  case  of 
simple  air  gap  and  nearly  parallel  to  it. 

When  a  glass  plate  is  substituted  for  the  brass  one,  the  corona 
line  is  lower  but  parallel  to  the  one  for  plain  air. 

Use  of  these  principles  ni  ht  be  made  in  insulating  high 
tension  lines  since  the  striking  voltage  is  materially  increased 
by  the  grounded  brass  plate. 


TABLE  #11. 
FO.i  1  INCH  S  HEi^ES. 


GROUNDED 

BRASS  PLATE  IN  GAP. 

GLASS  PLATE 

X 

Corona 

Break- 

Corona 

Appears 

down. 

A  "  p  e  8  r 

cm. 

KV. 

KT7. 

KV. 

4 

49.0 

8 

62.0 

IS 

69.5 

16 

73.8 

20 

77.0 

21 

77.5 

118.5 

22 

78.0 

122.0 

74.5 

24 

79.5 

128.0 

76.0 

25 

80.5 

135.0 

76.9 

SO 

82.5 

138.0 

79.0 

34 

84.0 

141.0 

81.0 

38 

86.5 

143.5 

83.0 

42 

87.5 

147.0 

84.5 

46 

90.0 

86.5 

50 

91.0 

88.0 

54 

92.0 

6 
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Article  9. 
General  Discussion. 

Figure  7  shows  the  spark  and  arc  after  breaking  down  between 
one  inch  spheres  18,5  en.  apart  and  at  83,000  volts.     The  sharp, 
well  defined  lines  e  e  the  first  breakdowns  w'  ile  the  others  are 
the  arc  which  follows. 

Figure  8  shows  the  corona  on  the  same  balls  at  a  lower  voltage. 
It  will  be  noticed  that  the  corona  is  not  uniform  all  over  the 
spheres  but  is  bunched  on  the  gap  side,   thus  reducing  the  length 
of  air  gap.    Referring  to  Fig.  7  again,  it  will  be  noticed  that  the 
spark  jumps  across  the  gap  from  the  tips  of  th«  corona  tufts. 

Figure  9  shows  thr   spark  gap  and  apparatus  outlined  in  corona 
at  190,000  volts.     The  corona  on  the  right  side  of  the  Picture  is 
much  more  noticeable  which  was  probably  due  to  the  fact  that  the 
walls  were  closer  to  this  side. 

Mr.   J.  A.  Fleming,  in  his  book  iTThe  Principles  of  Electric 
wave  Telegraphy;'  gives  a  table  of  spark  voltages  (maximum)  for 
brass  spheres  of  Z  cm.  diameter.     In  ?la  e  14  his  values  are  c  m- 
pared  with  those  obtained  for  the  3/4  inch  spheres.     Since  the 
curve  for  the  latter  spheres  are  plotted  with  effective  values,  it 
is  assumed  that  Fleming's  figures  are  for  sine  waves  and  the 
effective  values  calculated. 

On  inspection  it  is  seen  that  Fleming's  curve  is  just  abort 
paralled  to  that  for  the  3/4  inch  balls  out  has  higher  ordinates. 
Since  his  curve  is  for  2  cm.  balls  and  the  other  for  1.9  cm.  ones, 
it  is  only  natural  that  thi:  should  be  the  c-se  and  then  the  data 
for  the  lower  curve  was  not  obtained  with  a  sine  wave  but  with  one 
(shown  in  Fig.  6)  which  has  a  higher  maximum  value. 


46. 

All  the  curves  given  "by  Fleming  are  of  the  same  general  shape 
as  those  given  in  the  Plates  but  are  only  rim  for  a  few  millimeters 
of  spark  gap;  so  that  they  a  e  of  no  value  for  comparison  at  hi  h 
voltages . 

Peek  in  his  paper  "The  Law  Of  Corona",  gives  the  curves  show- 
ing corona  and  breakdown  for  parallel  conductors,  which  are  of  the 
same  general  shape  as  those  for  spheres  except  that  he  does  not 
get  the  reverie  curve  in  his  spark  line  which  was  probally  due  to 
the  fact  that  he  did  not  carry  his  voltage  high  en  ugh. 
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49. 

V.  CONCLUSION. 

From  observations  during  tests  it  wrs  noted  that  a  draft  does 
not  affect  the  voltage  at  which  corona  appears  but  it  does  raise 
the  spark  voltage. 

The  first  appearance  of  corona  is  a  very  uncertain  phenomena. 
Sometimes  it  is  necessary  to  polish  the  spheres  in  order  to  obtain 
corona  and  then  again  it  appears  without.    After  this  critical 
point  is  past  both  the  corona  and  breakdown  occur  at  the  same 
respective  voltages  each  time,  that  is,  if  the  condition  of  the  air 
is  the  same.    After  the  air  hae  broken  down  it  -ill  break  arain  at 
a  lower  voltage  if  a  draft  is  not  used  to  remove  the  ionized  air 
which  acts  as  a  conductor. 

It  was  also  proven  that  for  spheres  up  to  one  inch  in  diameter 
that  needles  could  be  substituted  at  the  critical  point  for  the 
balls  with  the  same  results. 

The  theory  that  the  potential  gradient  is  a  constant  of  the 
value  30,000  volts  per  cm.  does  not  hold  according  to  data  obtained 
but  the  potential  gradient  depends  upon  the  size  of  the  spheres, 
varying  in  this  case  from  25,100  volts  per  cm.  for  2  inch  balls  to 
40,200  volts  per  cm.  for  l/4  inch  spheres. 

If  a  grounded  conductor  is  placed  in  the  gap,  the  striking 
and  corona  voltages  are  increased.     If  a  material  of  higher 
specific  inductive  capacity  than  air,   like  glass,  is  inserted  in 
gap  the  corona  volt  age  is  lowered. 
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